The activity ratio of the γ-radioactive fission fragments such as 95 Zr, 103,106 Ru, 141,144 Ce for the evaluation of the total α-activity of 239 Pu + 240 Pu isotopes in the soil of Gomel and Mogilev regions of Belarus is presented. We have taken into account a possible fluctuation of these ratios around their average values. Experimental data for several settlements in Gomel and Mogilev regions were also analysed, and a good correlation between theoretical evaluation and experimental data was obtained.
Introduction
As in any other thermal reactor, there is quite definite interrelation between specific activities of nuclides accumulated in the core of the RBMK-1000 reactor. It can be used for solving practical problems, in particular, for the analysis of the structure in the Chernobyl NPP accident radionuclide fallout. The estimation of radionuclide inventories and calculation of ratios between specific activities of radionuclides in the core of the reactor that are necessary for this analysis do not present any difficulties, and it has been done, for example, in [1, 2] . Therefore, they were widely used in the analysis of radioactive contamination of the Chernobyl origin in a number of scientific works, see [3] . Such ratios can especially be useful for indirect evaluation of levels of the territory contamination with γ-radiating fission fragments of transuranium elements such as 95 Zr, 103 Ru, 106 Ru, 141 Ce, 144 Ce, etc. For example, within the limits of the information system "Proba" such analysis has been made. Using data on the γ-radiation of 144 Ce, the map of the territories contaminated with 239 Pu + 240 Pu isotopes in the zone close to the Chernobyl NPP was made [3, 4] . It is known, however, that such an approach is not always correct during local measurements. Larger divergences between the results of radiochemical analysis and theoretical predictions about the ratios of the type A( 239,240 Pu) ∼ A( 144 Ce), A( 239,240 Pu) ∼ A( 103 Ru), etc., were regularly observed. It is clear, because the specified ratios between activities of the type A( 239,240 Pu) and A( 144 Ce) on the average were usually determined in the core and at a definite average depth of the nuclear fuel burnup W . Thus, we actually deal with the ratios of the type A( 239,240 Pu) ∼ A( 144 Ce) . For general reasons, the use of such average evaluations should have a limited character. It is necessary to consider possible fluctuations of the nuclide specific activity ratios relative to their average.
We will proceed from the assumption that the burnup W in the nuclear fuel is described by the Poisson distribution P W = ( W ) W e − W /W . For the RBMK-1000 reactor of the Chernobyl NPP, the burnup W varies within the limits of 0-18.5 at the average depth of the burnup W = 11, dispersions D W = W = 11, and a standard deviation ∆ = √ D W ≈ 3.32. In some cases, it is more convenient to use the Gaussian distribution
The technique of average calculation of power and exponential functions f (W ) by the Poisson and Gaussian distributions is described in [5] . Therefore, for the most simple function f (W ) = W the average of
W . The Gaussian function P (|y|) = 2Φ(|y|/∆) defines probability that abmodality of the burnup W module from the average is within the limits of |y| = |W − W |. It is obvious that the knowledge of the average burnup W per one tonne of fuel does not mean that we will determine this value of the burnup per one tonne of casually chosen fuel.
The burnup W will be in the interval W ± ∆ with the probability of ∼68%, which means W ∼ W ± W . Abmodality of the burnup W from the average does not exceed 30%. Similarly, the burnup W is in the interval W ± 2∆ with the probability of 95%, and W ∼ W ± 2 W . The burnup W ∼ 11±6.6 is also in the interval 4.4-17.6 and the abmodality from the average W = 11 is within the limits of 60%. If we consider a case when W slightly differs from W , the probability of such event will be considerably lower. For example, the probability will be P (|y|) ≈ 0.08 if we have |y|/∆ ≤ 0. The aim of the present study is to calculate such ratios for Unit 4 of the RBMK-1000 reactor of the Chernobyl NPP and using this ratio to evaluate the amount of 239 Pu and 240 Pu isotopes fallen out on the territory of Belarus after the accident.
Sampling and methods
Let us assume that instead of the burnup W we take the function v(W ) ≈ W/α, where a is a constant. In this case the average of v(W ) is equal to W /α, dispersion is D[v(W )] = W /α 2 , and the standard deviation is ∆[v(W )] = W /α. Therefore, the v(W ) function value should be in the interval (4.4-17.6)/α with the probability of about 95%. The abmodality from the average 11/α is within the limits of 60%.
The indirect definition of the α-radiating plutonium isotope concentration in the Chernobyl NPP accident fallout by γ-radiation of some accompanying fission fragments is related to the correct choice of v(W ) ≈ W/α type functions.
Function v(W ) should be approximately linear according to the burnup W . Thus, the constant α can be calculated theoretically in some cases, and in other cases it is defined experimentally. Further we will deal with functions of the v(W ) = A(W ) 1 /A(W ) 2 type, where A(W ) 1 and A(W ) 2 are calculated specific activities of X 1 and X 2 nuclides in the active zone of the RBMK-1000 reactor depending on the burnup W or experimental density of soil contamination levels.
Function v(W ) should be proportional to the burnup W . Thus, it is simple to use A(W ) 1 as specific activi- The results of numerical calculations of specific activities of nuclides in the RBMK-1000 reactor [6] [7] [8] and analytical calculations [9] [10] [11] were used for the calculation of v(W ) functions. Experimental data on soil contamination with γ-radiating fission fragments are taken from [12] .
We will restrict ourselves to the determination of the 239 Pu + 240 Pu isotope total α-activity A( 239,240 Pu) using 95 Zr, 103 Ru, 106 Ru, 141 Ce, 144 Ce γ-radiation. Using 103 Ru and 106 Ru nuclides as an example we will show the method of calculations. We will consider two functions v(Ru) = A( 106 Ru)/A( 103 Ru) and v(Pu) = A( 240 Pu)/A( 239 Pu). For calculation, the results of [6, 7] are used. Corresponding functions αv(Ru), αv(Pu) are obtained by the normalization of the v(Ru), v(Pu) functions with the use of the factor α when W = 10.6: α(Ru) = 49.5, α(Pu) = 7.97. Values of these functions at different burnup W are presented in Table 1 . As shown in Table 1 , ratios αv(Ru, W ), αv(Pu, W ) are very close to the function of burnup f (W ) = W . Therefore, ratios v(Ru, W ), v(Pu, W ) within the accuracy of several percent are equal to W/α(Ru), W/α(Pu), respectively. All these functions should be described by the Gaussian distribution. The calculation of their averages, dispersions, and standard deviations ( Table 3 .
Calculation of averages for ratios of the A 1 (W )/ A 2 (W ) ≈ W/α type is reduced to replacement of the burnup W by its average value W = 11. Therefore, if we know experimental activities of γ-radiating fission fragments of 95 Zr, 103 Ru, 106 Ru, 141 Ce, 144 Ce, it is possible to evaluate the amount of α-radiating plutonium isotopes 239 Pu, 240 Pu and to compare the theoretical evaluation with the data of radiochemical measurements [13] .
Results and discussion
According to [13] , due to the accident in the Chernobyl NNP, 4.2 kg of 239 Pu or A( 239,240 Pu) = 23·10 12 Bq total activity of 239 Pu, 240 Pu isotopes fell out on the territory of Belarus. About 1.9 kg of 239 Pu fell out on the Belarus territory of the 30-km zone. The rest of plutonium was dispersed over larger distances (see, e. g. [14] ).
The most correct experimental density of 95 Zr, 103 Ru, 106 Ru, 141 Ce, 144 Ce radionuclide contamination in Gomel and Mogilyov regions is provided in [15] . Data on the average density of soil contamination A(X) (Ci/km 2 ) of some areas (area S is given in km 2 in brackets) of the specified regions (* for Mogilyov) according to [12, 15] are presented in Table 4 .
As shown in Table 4 , average densities of A( 95 Zr) , A( 141 Ce) , A( 144 Ce) contamination are lower by about an order than the average density of A( 103 Ru) , A( 106 Ru) contamination in all districts of the Mogilyov region at a 200 km distance from the Chernobyl NPP. The same situation, except for southern areas (Braginsky, Narovlyansky, Choyniksky), is observed in other northern districts of the Gomel region.
In the γ-spectrum of fuel fragments calculated for the average burnup W ≈ 11 for relative activities 
Conclusion
It is obvious that a part of plutonium as well as ruthenium have fallen out not in the form of nuclear fuel particles. According to [3] and to the references presented in it, oxides of ruthenium and plutonium isotopes, formed as intermediate compounds in the reaction of fuel carbonization, could be sorbed from a gas phase on submicron inert particles and be transferred over large distances from the Chernobyl NPP. The data analysis of the Mogilyov region [16, 17] has shown that the fallout of plutonium basically was in the form of aerosols and well correlated with fallouts of 103 Ru, 106 Ru, and 137 Cs radionuclides that are similar by their nature. The analysis of the experimental data obtained in the present work has shown that a similar situation is observed as a whole in the Gomel region as well.
It is plausible that on the territory of Belarus α-radiating isotopes of transuranium elements have fallen out mainly not in the form of a fuel matrix. Therefore, the territory self-cleaning from α-radiating pollutants should be faster than if they were in the form of fuel particles. It is known that at large distances from the Chernobyl NPP (∼250 km) plutonium migrates deep into soil while in the area of the 30-km zone it remains in the top layer (see, e. g. [18, 19] ).
Moreover, the isotope of 241 Pu, the basic source of 241 Am, will faster diffuse deep into soil than if it all were in the form of fuel matrix elements. In this connection, long-term forecasts about levels of the territory contamination with α-radiating radionuclides taking into consideration nuclear decay of 241 Pu into 241 Am require an essential correction.
